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FLOW-CONTROL VALVE DEVICE FOR A PUMP 



[0001] The present invention relates to a pump, in particular to a power-steering pump, 
having a flow-control valve device, the flow-control valve device having a piston that is 
displaceably accommodated within a piston bore, and the piston bore having at least one 
inflow channel and at least one outflow channel, and the piston having an axial inflow orifice 
and a plurality of substantially radial outflow orifices, and a circumferential outflow groove 
disposed between a first collar and a second collar which forms a control edge for an 
outflowing fluid flow. 



[0002] Pumps of this kind are known, but there is an inherent problem associated 
therewith. Since, for example, upon activation of the pressure limiting function, the entire 
pump volumetric flow must be delivered through the axial inflow orifice and the radial 
outflow orifices, it is essential that the circumferential outflow groove disposed between the 
piston and the piston bore be relatively deep. This results in a small outside piston diameter 
in the area of the radial outflow orifices, which, in turn, necessitates relatively small 
diameters of the radial outflow orifices to ensure that the webs remaining between the radial 
outflow orifices are stable enough to absorb the axial forces acting on the piston. 



[0003] The relatively small radial outflow orifices result in relatively high flow 
resistances, which lead to pressure losses and thus to charging losses on the intake side of the 
pump. 



[0004] It is, therefore, the object of the present invention to devise a pump which will 
overcome these disadvantages. 



[0005] This objective is achieved by a pump, in particular by a power-steering pump, 
having a flow-control valve device, the flow-control valve device having a piston that is 
displaceably accommodated within a piston bore, and the piston bore having at least one 
inflow channel and at least one outflow channel, and the piston having an axial inflow orifice 
and a plurality of substantially radial outflow orifices, and a circumferential outflow groove 
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disposed between a first collar and a second collar which forms a control edge for an 
outflowing fluid flow, the axial inflow orifice extending substantially cylindrically at least to 
the beginning of the radial, lateral outflow orifices, and the circumferential outflow groove 
widening in terms of its radial depth on the outer circumference of the piston towards the 
control edge. A pump is preferred in which the outflow groove widens slightly conically on 
the piston side and subsequently arcs radially inwardly in the control edge region to reach its 
greatest depth. These features advantageously enable the radial, lateral outflow orifices to be 
located in a piston region having a relatively large outside diameter, so that they, in turn, may 
have a relatively large diameter as well, thereby making it possible for the webs disposed 
therebetween to be stable enough to absorb the axial forces, and to then transition in the area 
of the control edge into a deepened outflow groove capable of directing the entire oil flow 
relatively losslessly to the control edge. 

[0006] A pump is also preferred in which the diameters of the radial outflow orifices 
extend from the axial cylindrical inflow orifice into the radially inwardly directed arc in the 
control edge region. Here, the advantage is derived that the radial outflow orifices are 
relatively large and thus relatively low-resistance. 

[0007] In addition, a pump is preferred in which the piston has altogether three collars. 
This has the advantage that the first and the third webs may guide the piston as so-called 
piston-guide ribs, without being subjected to erosion by outflowing fluid, while the second 
collar which forms the control edge of the valve piston, may, in fact, be subjected to a certain 
erosion by the flow, but is not required to assume the guide functions of the first and third 
collars. 

[0008] In addition, a piston is preferred, in which the collars have circumferential 
pressure-equalization grooves. Here the advantage is derived that, even given an 
asymmetrical seating of the piston in the bore and resultant differences in pressure conditions 
on the piston circumference, the pressures are able to be compensated by the equalization 
grooves to prevent the piston from locking hydraulically. 
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[0009] It is a feature of a pump according to the present invention that the piston may 
include a pressure-relief pilot valve. Here, the advantage is derived that the pump housing 
does not require a separate mount for the pressure-relief pilot valve. 

[0010] The present invention is described below in greater detail with reference to the 
figures, which show: 

[0011] FIG. 1 a conventional piston; 

[0012] FIG. 2 a piston according to the present invention. 

[0013] A flow-control valve piston 1 according to the related art is shown in FIG. 1. 
Flow-control valve piston 1 is guided in a valve bore 3, which, for example, may be 
incorporated in pump housing 5. A fluid flow generated by the pump, indicated here by an 
arrow 7, traverses valve bore 3, which also represents an inflow channel, into an axial inflow 
orifice 9 of valve piston 1 . Axial inflow orifice 9 narrows conically into the piston. Axial 
inflow orifice 9 leads into four radial outflow orifices 11, which form axial webs 12 in the 
spaces therebetween. In addition, valve bore 3 has two radial outflow bores 1 3 in pump 
housing 5. Valve piston 1 is positioned in valve bore 3 in such a way that its control edge 15 
partially uncovers outflow bores 13. Control edge 15 is formed on a piston collar 17. In 
addition, between collar 17 having control edge 15 and a guide collar 19, valve piston 1 has a 
circumferential outflow groove 21. A certain radial depth is required of circumferential 
groove 2 1 to enable it to direct the entire pump delivery volume into outflow channels 1 3 . 
This results in a relatively small diameter 23 of the piston in the area of circumferential 
outflow groove 21 in which the four radial outflow orifices 1 1 must be accommodated. 
Therefore, relatively small diameter 23 necessitates that outflow orifices 1 1 be fabricated 
with only a relatively small diameter 25, to enable webs 12 remaining between outflow 
orifices 1 1 to absorb the axial forces acting on the piston. Thus, relatively small diameters 25 
of outflow orifices 1 1 produce a relatively high hydraulic resistance, which may lead to 
pressure losses and thus to charging problems on the intake side of the pump. It is also 
discernible by lines of flow 27 sketched in representatively, that the flow must press through 
the relatively narrow cross sections of radial outflow orifices 1 1 . 
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[0014] FIG. 2 shows a valve piston 30 according to the present invention. Those features 
haying the same structure as in FIG. 1, such as piston bore 3, pump housing 5, outflow bores 
13 in the pump housing, control edge 15 on middle piston collar 17, as well as guide collar 
19, have the same functions as in FIG. 1 and are, therefore, provided with the same reference 
numerals. The features that have been modified on the piston according to the present 
invention in comparison with FIG. 1 are provided with new reference numerals. Piston 30 has 
a cylindrical axial inflow orifice 32. Compared to the related art, circumferential outflow 
groove 3 1 has a completely different groove shape. It begins in region 33 with a relatively 
shallow radial depth and continues axially, slightly conically towards control edge 1 5. As a 
result, a substantially larger diameter 34 is obtained as compared to diameter 23 from FIG. 1 , 
with the result that the diameters of outflow orifices 35 may be substantially larger than under 
the related art, while webs 36 characterized by adequate stability are retained. However, to 
achieve an adequate depth of circumferential outflow groove 3 1 in the area of control edge 
15, the outflow groove in this area is expanded by a radially inwardly extending arc 37 until it 
reaches its greatest depth 39. Thus, as a result of these features, given a great enough depth of 
the circumferential outflow groove, a relatively large diameter 4 1 of radial outflow orifices 
35 is achieved, which leads to substantially low resistances and thus to flows whose lossless 
characteristics are correspondingly enhanced and to an improved charging of the pump. 
Based on the pattern of flow threads 43, it is discernible precisely in the area of radial outflow 
orifices 35 that the flow threads may be spaced further apart from one another, and thus the 
flow pattern is not as compressed as in FIG. 1. Surprisingly, the embodiment of valve piston 
30 in accordance with the present invention makes it possible for the charging pressure on the 
intake side of the pump to be raised from approximately 0.2 bar to 0.5 bar and thus for the 
pump's cavitation danger to be substantially reduced. 

[0015] The present invention is, therefore, based on the idea of the outer diameter of 
piston 30 initially continuing as a large diameter in circumferential groove 31 for as long as 

'y 

possible, to permit the largest possible radial outflow orifices 35, while maintaining an 
adequate web thickness. Not until just before control edge region 15 is circumferential 
outflow groove 31 pulled inwardly. However, since outflow orifices 35 become smaller again 
in this region, an adequate web width is ensured in their secantial extension. 
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I flow-control valve piston 
3 valve bore 

5 pump housing 

7 fluid flow 

9 axial inflow orifice 

I I radial outflow orifices 

12 axial webs 

1 3 radial outflow bores 
1 5 control edge 

1 7 piston collar having control edge 

1 8 guide piston collar 

1 9 guide piston collar 

20 pressure-equalization grooves 

2 1 circumferential outflow groove 

23 piston diameter in outflow groove 2 1 

25 diameter of outflow orifices 1 1 

27 lines of flow 

30 valve piston according to the present invention 

3 1 circumferential outflow groove of piston 30 

33 conical region of outflow groove 

34 piston diameter in outflow groove 3 1 

35 radial outflow orifices 

36 webs 

37 arc-shaped region of outflow groove 3 1 
39 greatest depth of outflow groove 3 1 

41 diameter of outflow orifices 35 

32 cylindrical axial inflow orifice of piston 30 
43 flow threads 
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